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SyViteme « antec Vetober 9, 1957, he project { cing periormed by Delense 
- Elect: elon ute Sf RCA for the Air Force under the direetion of Wright | 
| t Center. The cont: act number is AF33(616) 2576, The present 
Doss (oss) cane ne, Werk started on subcontract 52-63 of Contract Neobee 
‘33 (038) 6418. Wark on the above contract was reported on in a final report 
ted 4/15/54. : 


The atindy deals with the feasibility, application and implementation of a 





ments but also because of the difficulty of dissipating degrading heat. Reliability 
aio ig s major consideration since long, unattended life with « wainfane of 
remotely controlled adjustments is a design requirement, | | 
The purpose of this project was: | 
J. To continue studies evaluating the feasibility of s t 
this type of apecialised advance reconnaissance. 
2 To k 
reliability, | 
3. To evaluate alternate approaches to any of the problems where such seem 
to have a chance of fulfilling the requirements, 
4. To construct certain research models where such would be useful in 
| evaluating the problem. | 
5 To study the electronic implementation of the interpretation and dis. 
scmination of the information obtained by the reconnaissance system, 


Studies 


— & Dptical Systems iy" 











d. TV Transmitters 


“i Kempe fecriiog of phaleqvaplics wregie sae epes, 


B Information Presentation 
h. Reliability Studies 
i. Transistor Applicabilities _ 
These studies were coordinated by preliminary systems examinations when- 
ever deemed neressary #0 that the overall results would be mutually compatible, 
The final report on this project reported in full on all the topics mentioned 
. above except Optical Systems, Video Recording (magnetic) and Kinescope 
Recording, additional work on these being carried past the contract period, 
This report completes the reporting on these topics, 
Defense Electronic Products (formerly Engineering Products Division) of 
RCA was the prime contractor for this project. The work was su 
by subcontracts to the RCA Tube Division and to the RCA Laboratories Division, 
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l. INTRODUCTION. 


This report represents the results ohteined from 
4 continuation of parts of an overall research and 
development study program carried out under con- 
tract namber AF33(616)2576, The results contained 
herein serve to supplement the information given in 
the Final Report of this contract, Project MX.-2226, 
Final Engineering Report, dated October 9, 1957, 


A. Optics, Ground imaging System 

The delays experienced in obtaining the reflection 
prisms for the segmentation drams prevented the 
completion of the optical tests for inclusion in the 
final report. The results of the optical tests on the 
completed 88-inch focal length Schmidt cameras and 
the ecgmentation device are included in this supple- 
compenents of the system, 
the completed unit are ineluded. These show that 
the optical equipment performs as predicted, 


iB. Magnetic Video Recording System 

At the end of the time period covered by the Final 
Report the status of some phases of the magnetic 
video recorder development were rather indecisive. 
Daring this supplementary period the FM recording 
system design was finalized and six channels com. 
pleted. Complete circuit diagrams of the FM record- 


Photographs taken with | 


¢ 


‘operating narrow band vidicon camera and FM tapo 


recording channels decs appear to be feasible. 


reported give a 

of the o! tainable Phosphor-image quality. It is be. 
lieved that the results justify the predictions on over. 
all performance which were made in the fisel report. 


A. Optics, Ground Imaging System: | 
_ The components of the Schmidt-type system have 
been tested and reported. This report covers the 
measurements on the segmentation hubs and prisms, 


the alignment of the complete system, the mechanical | 


aspects of the systems, the photographic teste, and 
recommendations for future systems, 


B. Magnetic Video Recording Systeme: | 

A nunnber of changes were made in the FM record. 
ing system and the present status of this system js 
presented through block and echematic diagrams, 


Considerable work was accomplished in efforts to 
reduce the flutter, skew and amptitude variations. 
Head performance on the developmental recorder 
comparable to the best observed on the loop ma- 
chine is obtainable using increased tape tension and 
larger reel motors. It was found that tane skew was 
very low: provided that the distance between the 
used faces of the edge guides was no more than 
about one mil more than the width of the tape. 

The wiring and cabling of the head circuits were 
changed to minimize all forme of coupling. Cross. 
talk is now about 40 db down and all six channels 
can he used with no interference hetween channels, 


} pace 
filters could be derived was found to he inadequate. 
It in still believed that this approach is feasible and 
is perhaps the only way now known which wil] 
Provide frequency division multiplexing without 
reliance on reverse playback. The use of other 
multiplexing systems und recording methods is 
Jisetiseed. | - 


C. Kinescope Recording: 

Three kinescopes were tested; two were develop- 
ment tubes and a third was a previously evaluated 
tube used as a reference, The preseat 
response was not as favorable as that of the refer. 
ened tube, | 


As a result of these tests it is believed that light 
scattering and image spread in the Phosphor are 
limiting the rendition of fine detail as much as the 
distribution in the heam spot itself. It now appears 
that a ten-inch P.16 tube may be required to get a 
560 TV-line response of about 75 percent or hetter | 
a3 measured on the phosphor. The developmen: ¢: 


@ new thin transparent Phosphor hy the RCA tuhe — 


department may eventually permit satisfactory results 
even i” a five-inch tube, _ | 














Figure 1. Comptote Schmide-type Camera cad Segmeatation System 


Figure 2. Cleeup View of Phasing Diol 
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2. Schmidt-type Comera and Segmentation. System with lett 


cavers removed Figure 4. Closeup View of the Segmentetion Drvmy ond Prim 
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done by supporting the ground bearing surfaces on 
the shaft at either side of the drum in V-blocks. In 
order to make the supports somewhat sell-aligning, 
the V-blocks were lined with manila paper, light 


justed parallel to the rotation axis by observing that 


it remains square to the autocollimator after the drum 


on the shaft axis 40°, rosquaring -it to the auto- 
collimator for one position of the drum and then 
checking squareness after the drum is rotated 180°, 


This was done in 40° steps all the way around tho 


A second autocollimator was Pointed to observe the 
reticle of the first along a line that cleared the drum 
shaft, after a large fiat had been squared to the frst 
autocollimator to permit its transfer to the now 


face and shaft axis read with the Glar micrometer, 
The measurements showed three of the faces on the 
lower drum to be out of parallel with the shaft axis 
hy more than the allowable +15 seconds. The maxi- 
mum error was about forty-five seconds, Seven faces 
of the upper drum exceeded the fifteen second toler. 
ance, the maximum being also about forty-five 
seconds. The fifteen second tolerance was originally 
based on a drum rotation of 3° during 2 five milli. 
eccond exposure. With a drum rotation of 0.9° dur- 
ing a 1.5 millisecond exposure, the forty-five second 
error should not be excessive, althou-h little margin 
theoretically remains to take care of increases in the 
exposure interval. In the case of each drum, the 
faces that were out of parallelism tolerance intersected 
the shaft axis on the side of the drum away from 


on three jacks. Before 


It should be noted that when the drum rotates on ite 
tapered roller bearings, the direction of the rotation 
axis is somewhat more unstable than when the bearing 
sees ate supported in V-blocks, as discused pec 
viously in this report. 


3. Alignment of the ptical System 
a ALIGNMENT oF SCHMIDT-Tr pg Cannas 


| represents a plane view of the framework 
PQRT of the optical system. This framework con- 


screws, The are 
shelves, S, and are mounted — 
the L-sections to 

ection J (by tightening the 32 screws) the Leections 
are adjusted to proper height and leveled. by placing 
a sensitive level on shelves S, The level sensitivity 
is about one minute per scale division, and is care. 
fully adjusted beforehand by sctting it on an optical — 
flat supported hy a leveling table. _ 

The two L-sections mount folded optical systems 

whose optical axes consist of the parallel segments 


: by 
equipped with leveling 


whose length is only about one-half AB, plumb lincs 


are carefully supported above pointe A and B. Two 


plumb lines are supported at C and D, 
and brought by careful sighting into the plane of 
thoee at A and B. The technique is to sight along 
DA with the eye close to D, and along CB with the 
eye clore to C, The plumb line close to the cye will 
appear as 2 blurred vertical bar against which it is 
casy to judge the centering of the other two plumb 
lines by moving the head slightly in 2 horizontal 
direction during the observation. When the other 
two plumb lines both *ppear centered in this bar, the 
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| , 


three plumb: lines are in a single plane. By oheerving 
and making notes of the di 

might be moved 10 bring them into a common plane 
with A, and by noting the same with respect to B, 
it is possible to deduce the adjustments that must he 
made in the positions of C and D to bring them 
both into the plane of A end B. This requires patience 
and care ‘but is not cepecially dificult, With the 
points C and D prick-punched as indicated hy the 
final positions of the plumb bobs at C and D, the 
line segments AC and DB are scribed; 

Segments AF and BC are laid out perpendicular 
to AB, using the familiar compass and straight edge 
method of geomviry us indicated by the construction 
about the arbitrary center K. 

Spherical mirrors are located at F and GC according 
to the dimensional requirements of the design, and 


are substantislly centered on lines AF and BG re 


Placed near A can observe when plumh lines A and 
M, and the image of plumb line A in mirror F are in 
& common plane. Coplanarity of these lines is at- 
tained hy lightly tapping the mirror to rotate $ on 
a vertical axis until they are observed to be in align- 
ment. The center of F is then at F’. The procedure 
for mirror G is identical, 

At each of the pointe A and B are two plane mirrors 
m and n respectively. The mirrors of each pair are 


supposed to lie in a single plane normal to plane 


FABG and at 45° to line AB, as indicated by the linea 


mi and n that represent their reflecting surfaces. U and 
V are aspheric Schmid! corrector lenses centcred nom- 
inally above line AB anil located along AB accoriing 
ta the dimensional beijuserments uf the desien. 
Mirrora m are adjusted hy removing corrector U and 
placing an illuminated pinhole at the-location of its 
center. The mirrors m are then adjusted until] the 
light from the pinhole which they reflect to mirror F 
is returned by them to two ‘images of the pinhole that 
substantially coincide with each other and with the 
Pinhole. This is possible because mirrors m reflect 
the center of curvature of spherical mirror F to the 


center of corrector U. The planes of mirrors m are 


easily adjusted to substantially contain the point A 
hy making them have linear contact with the plumb 
line suspended shove A. This condition is jadged 
visually and ehould be Maintained at every stage in 
the adjustment of mirrors m. The same procedure is 


6 


in which C or D- 


used to adjust mirrors n. Correctors U and V are then 
restored to their nominal fanctioning positions Be- 
cane of their very low refracting power, the cor. 
ching ny 2 located and squared by ordinary 
sighting means, using the plumb lines euspended 
above A, B, C, and D. a 


hb. Aticnsexer or SS mar Canuma Bopurs ar Focat 


PLans or Orricar, Syste 


A largé aluminized optical flat was placed at the 
position J, see Figure 5, facing the Schmidt Optical 
System under alignment. A point source was placed 
at the “pproximate position A, where the center of 
the camera film frame should he. An autocollimator 
was placed at an intermediate position along AC so 
that the optical flat could be aligned parallel to the 
corrector plate, U. The point source was then moved | 
about until the in-focus image of the source fell back 
Upon itself. The system was then autocollimated. A 


at this pointe ajter the removal of the point source. 
The slide was held at the film plane by the 85 mm 
camera body at A (the camera body used was the 
standard Argus, Modcl A). Rather than repeat the 
above procedure for the other Schmidt System, the 
optical flat was removed and the system FAC was 
used as 2 collimator for system DBG. The illuminated 
slide at A was imaged on the ground glass held hy 
the camera hody at B. The camera body was adjusted 
for heat focus and proper centering of the image. 


C. Daum anv Suurrer Prasinc 


The. operating cycle of the ecgmenting optical sys- 
tem comprises a sequence of 36 exposure phases. 
These phases are spaced at equal intervals of drum 
and shutter rotation and therefore at equal intervals 
of time when the parts are driven at uniform rota: 
lional speeds. The drame normally rotate at 100 | 
RPM, but for the purposes of Phutopraphi: Lenticee, a 
special speed reducer is used to reduce this rate to 
1% RPM. 

AT 100 RPM, the normal television exposure time 
is 0.0015 second, during which the mirrorstat drunis 

100 | | , 
rotate oi x 360° = .0015 = 0.9°, wiz, a photo. 


graphic shutter operating at 4 second, the drum 


x 
| ‘Speed must he X RPM where: — 360° « 4, — 09°, | 


This makes X = 7% RPM. At this epeed, the — 
drums again rotate 0.9° during the exposure time of 
'40 second, which ie used in photographic testing, 
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Figere 5. Framework for the Optical System 


Figure 6. Fig Diel (circled numbers 
or eld ed) 
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The drums are driven at 100 RPM by « 3600 RPM | 


Meta yet * model 10B24R speed reducer made hy 
Metron Instrument Co., Denver, Colo, Their model 


1085208 reducer ls used to obtain the 71, RPM speed, ., 


Interchange of the speed reducers requires reversal 
of the motor direction to keep the upper dram 
rotating counterclockwise 


report, : 

During the exposnre cycle each drum rotates two 
full turns, the upper drum counterclockwise as seen 
from above, and the lower drum clockwise, The first 
of these turns is called tae odd cycle and the second 
the even cycle, as will he more fully defined later in 
thia report. Each rotating shutter correspondingly 
rotates three fall turns, The shutters function as 
optical “switchns” to regulate the delivery of light 
from the drums to the right and left branches of the 
optical system. “Right” and “left” are referred to 
an observer who vicws the system along the direction 
of the light as it enters the drum compartment, Thus, 
the shutters admit light alternately to the two 


and shutters are all connected together through 3 gear 
train, which is driven by a 3600 RPM synchronous 
motor. It is important in the completely assembled 
equipment that it he possible to determine by 2 
simple routine examination that these moving parts 
have a proper relation to each other, and to restore 
them to correct relation if they have moved. To this 
end, indica means are provided to make such 
cheeks easy. | 

A number has been punched on each corner of the 
upper surface of each drum, These are the mirror. 
stat numbers which identify each cooperating pair 
of reflecting surfaess, They do not appear in numer. 
ical order around the drums, but all the numbers on 
the lower drum are odd, and on the upper even. The 
numbering of the nurrorstats exactly corresponds to 
the numbering system that appears in previous report 
(Progress Report #7, p. 10, F. 8, ete). | 

A dial is located on the top of the drim compart. 


ment cover, shown in Figure 6, and is provided with | 


* moving hand or pointer that rotates counterclock. 
wise with the upper drum. The dial is numbered 


Sed by two numbers, which are called the phase 
sequence numbers, They correspond to the 36 ex. 
posure phases which occur during every two rotations 
of the drums, These numbers are white with the 
exception that number 1 and every fourth number 
thereafter is colored red, As a result, alternate 
numbered positions are marked with two white 
uumbers, while the remaining positions each have 
one red number, | 


bers of the inner eirele appeat in both the same order 
and same sense about the center as the mirrorstat 
drum. | 


When these two corners are lined up with the 
stationary pointer; the moving pointer should be set 
to indieate position 1-19 at the edge of the dial, 
of the openings in the rotating shutter before 


to swing the moving pointer 99° counterclockwise to 
Posen 2-20, one af the openings in the rotating 
shutter before the left optical system should be in 
its lowermost position. The drume and shutters ere 
then in their proper relative positions, A hole in 
tho rotaling shutter is lowermoet when « notch in 
the edges of the chuttere is in a horizontal plane as 
scen through the shutter shaft axis as scen through — 
one of the two access doors at the rear of the drum 
compartment cover, 

The first rotation, which starts with the pointer at 
position 1-19 and the opening in the right shutter 
lowermost, is called the odd cycle of operation, The - 
second rotation is called the even cyele, after which 
the odd cycle starts over again, and so on, The odd 
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and even eycles sre identified by the flashes of 9 
lamp at the rear of the assembly. This lamp is ener. 
gized by 2 cam and mieroswitch each time an opening 


in the right rotating shutter reaches the lowermost 


position. The odd cycle is identified by the Rashes 
occurring when the moving pointer is directed to. 
ward red numbers in the outer circle of phase se- 
quence numbers (1 to 18 inelusive), During the 
even cycle, the flashes occur when the pointer indi- 
cates red numbers in the inner circle. The even 
cycle Phese sequence numbers are 19 to 36 inclusive, 


When the phase sequence number has heen identi. 
fied by oheerving the dia] pointer positions in rele- 
_ tion to the ocenrrenee of the lamp flashes, the parijo- 
ular mirrorstat, drum, and optical system which are 
functioning to produce an image are identified: hy 
_ Consulting the schedule of operating phase sequences, 
Figure 7. This is also attached to the back of the drum 
compartment cover, 


For example: If the rotating pointer is directed to 
Position 12-30 and the lamp flashed when it pasecd 
position 11-29, the phase sequence number ig 30 
(im the even cycle). The schedule then shows that 
for phase sequence number 30, mirrorstat 13 on the 
lower drum is directing light into the left optics. If 


the pointer is directed to position 7-25 and the light . 


is not turned on, the systcm is at phase sequenco 
number 7 (in the odd eycle).. The schedule indicates 


The phasing of the drums may he cheeked very 
readily by turning the dial pointer to any one of the 
Positions and observing the alignment 


the moving pointer, Drum phasing may he similarly 
cheeked when the pointer is at any other red nun 
bered position, It is not necessary to know the phase 
sequence number in order to check dram phasing. 


have ean opening in lowermost position when the dial 
pointer incieates one or the otlier of any two adjacent 


(40° apart) red numbered dis] Positions, The left 
~hutter should then have an opening in lowermost 
pusitiva when the pointer turns just 20° counterclock, 
wise to the next phase sequence 

Ay im the case of the check for drum phasing, the 


most point when the shutter js viewed edge-on 
through the door, three indexing notches are cut in 


the edge of each shutter. When a shutter opening is 


lowermost, an indexing notch appears a1 the same 
height as the axis of the shutter drive shaft, Corre- 
sponding notches in the adjacent fixed baffle plates 
ere at the same height as the drive shaft axis and 
make it easy to judge shutter phasing, , 


d. ALIGNMENT oF Parsnes on Daum | 
The objective in aligning the prisms on the drums 


The autocollimator wus, therefore, set square to the 
mean direction of the exis, and the lefthand prism 
faces were set parallel with this direction within. 
thirty seconds, Although the five second accuracy 
geal on prism alignment may be readily met using 

standard optical alignment means, experience wit! 
the model has shown that further development of 
the bearings to make the rotation axis stable within 
comparable limits is necessary before five second 
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| tor received a return from both the large 


During the adjustment of the priems the 
the prism clampe were partially tightened nade” 
Prisms adjusted to substantial paralleem i 


wi 
. rotation axis by repeatedly tapping the metal prism 


base. Adjustment was judged with an autocollimatos 
squared to the rotation axis by adjusting it and ¢ 


flat and. the priem under adjustment, which made it 
possible to make a direct comparison. 


‘molded piece of Woods metal was purposely made 


too large so that the center of gravity could be brought 
up to the axis of rotation gradually. The latter process 
wae quite simple heoause of the Jow melting point of 
Woods metal {ahout 80°C). Because the center of 
Gravity of molded Woods metal could not be placed 
exactly on 2 line through the axis of rptation and the 
unbalanced center of gravity, additional washers 
made of Woods metal hiad to be placed on varion 
parts of the drum. The drum was considered statically 
balanced alter repeated movements of the drum re. 
sulted in no backward motion of the drum after i: 
4. Axillary Mechantes sf tha Opttes! System 
a. Covers ann Barris | : 

In addition to the supporting framework of the 
optical system, the system is provided with baffles 


and light tight covers to control, exclude and absorh 
unwanted light, Each branch of the optical system 


: are L-shaped, extend to within about 8 inches of the 


corrector plates, and are fitted with six baffle par. 
titions each to exclude and trap undesired light as 
baffles are finished with black 
flack on both surfaces, and the other interior sur. 
facea of the covers and the base on which the sa 
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are finished dull optical black. At the end of each 
Sted enest the corrector plate, the first baffle is 
Stted with two flanges to mount ex No. 5 shutec 
for the photographic testing These haflles are fol. 
lowed in each cover by two other haillee a! ahoat 
fourteen inch intervals, These additional befiles each 
have two circular openings to admit Hight from the 


trol knobs on top of the covers advance the fin and 
those on the sides rewind it, The cable releases that’ 
Te through the covers above the camerse are 
depressed to permit film to be advanced to the next 
frame and are relessed as soon ss film sdvance begins, 
to stop the advance at the proper point. The front 
of each camera is painted dull optics! black ta 
sbeorh non-useful portions of the image that lie. 
beyond the camera matte, 
When the L-shaped covers are bolted in place and 
with Bee Goer hinges and edges, and corners sealed 
wi tch Photogr aphic Tape, the compartments 
that enclose the mirrors and camera frames are light 
ight aud light may be admitted to them only by - 
tripping the shutters. Two shutters are provided, and : 
may be moved from one optical system to the other 
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ce, Sxemanrarion Companrasenr | 

The housing for the center ecction of the optical 
system houses the motor driven segmentation drums. 
It comprises four enclosure panels and four haffle 
assemblies, The enclosure panels are a heavy meta] 


floor, front, back and cover. Two inside baffles aro 


screwed to the floor, and two outside baffles screweut 
to the front pane! form with them continuous secesa 


tight, but all its inner surfaces are coated with black — 


flack to dissipate unused light that cannot he pres 
vented from entering the drum compartment through 
the tunnels that lea! through the front panel, 

The drum compartment is supplied with power 
through « cord that panes up throngh the enmpart- 
ment floor near the front, ‘The motor is controlled by 
& two stage awitch on the hack panel that first con- 


nects a starting capacitor in the Circuit. and then a 


running capacitar. Two thrueta are neceveary to fully 
actuate the awitch in cither direction, and in alarting 
a five second to ten second lapse between thrusts fs 


recommended tu give time for oscillations to damp 


out before switching in the running capacitor. 
_ The red phasing lamp is mounted beside tho motor 
switch. This is a neon lamp with a built-in resistor 
in the lamp socket for 110 volt operation that flashes 
cach time the right shutter has an opening in the 
er most position. Its operation may he hetter 
under certain conditions if the red bullseye 
je removed. Figure 8 gives the electrical wiring 
diagram of the synchronous motor, starting capacitora, 
phasing lamp and switches, The metor connections 
shown are for operation with the $20X speed reducer 
or TYRPM of the drums. For Operation with the 
24X speed reducer or 100 RPM of the drums, reverse 
either the red and black or green and yellow motor 
leads, 


The cover panel of the center compartment is pro- 
vided with a shaft hole and a covered observation 
port. The upper drum shaft extends through the 
shaft hole, and the phase indicator dial ie affixed to 
the cover concentric with the shaft. A chrome plated 
pointer is affixed to rotate with the shaft and . 
the dial. To the rear of the dial and at one side, the 
schedule of operating phiaso sequences is affixed to the 
cover under 4 prulective plasiic sheet. 

d.  Opzaatine Szquzncy 
Once all the mechanical parts are properly phased 


as described eleewhere in this report, the hest proce- 
dure for photographic testing is: | 


1. Decide which branch, left or right is to he 
tested, locate shutters and load cameras ac- 
cordingly, | 

2. Decide which drum, upper or lower, ia to he 
tested and locate on the schedule of operating 
phase sequences the column of phase 
numbers that corresponds to the branch ani 
drum selected. | 

(3. Start the motor end switch to running ca- 
pacitor. | | | 

4. With one person watching the moving dial 
pointer, have a second person call out the lamp 
flashes until the flashes occur when the pointer. 
iv indicating red numbers on the inner circle 
of the dial, showing the ryetem in the even evele 
of operation. 


5. The dial watcher then waiches the first phase 
sequence number on the outer circle at which 
expovure is to be made. and releases the proper 
shutter when the pointer reachea this position 
in the add cycle of operation. 7 


6. The second person then advances the film and 
the process is repeated to produce an exposure 
at the second phase sequence number of ap- 
plicable column of the schedule, and 80 on, 


7. When phase sequence numbers in the even cycle 
arc reached, continue io proceed as in 4, 5, sni 
6 above, except change “inner” to “outer” anid 
vice-versa, and change “even” to “odd” and 


5S. Photographic Tests with Completed Camera 
a. Tesr Angas 


The completed segmentation camera was set upon 
the 8th floor of s building where = view down the 
Delaware River was available two 52-inch 
wide windows. The right-hand side of the camera 
covered the Camden side of the field of view of the 
camera through one window, and the left-hand side 
covered the Philadelphia sido through the other 
window. It was ible to straddle the dividing 
frame hetween windows and avoid any restriction of 
the ficld of view or of the #perture of the system hy 
the window frames, | 

The supporting frame work was first set Up on its 
six jacks, levelled and bolied together. The jacks sat 
on a 12 foot x 4 foot Inboratory table. Mirror align. 
ment was then checked by the plumb line technique 
described elsewhere in this report. The rotating 
drum assembly was set in position and bolted, ant 
the covers assembled and bolted in place. All seams 
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taped with black photographic Scotch Tape to 


were 
exclude light, | 
After some work on the bearing seats and drive 


gear adjustment to reduce image jump, and after 


b. Tzsr Proczouss 


The small Argus camera bodies were located to 


support photograph film in the focal plane of each 


thelr lenses and shutters removed, while large photo- 
graphic shutters were mounted in baffles close to each 
corrector lens to contro! entrance of light into each 


‘tide of the optical system from the upper and lower 


drums, This arrangement required cach side of the 
segmentation camera to be completely light tight, 
but avoids the limitations that would arise were 
shutters used at or near the focal planes. By placing 
the shutters as close as possible te the corrector lene, 
thutter diameter was minimised. The tests were made 
by appropriately tripping a shutter, advancing the 
film by hand, again tripping the shutter, etc., just as 


_ when an ordinary still camera is used, A double series 


of photographs was made, one with the drums rotat. 
ing continuously under power at 714 RPM and one 
with the drums stationary at the time the shutter was 
tripped. 
c. Discussion or Resunrs 1s 
The tests had two main objectives: a 
1. To show that the device is capable of photo 
graphing « continuous strip in a series af 36 
partially overlapping segments which cover the 
field for which the system has been designed. 


2. To show that the quality of the images of distant 


objects is not reduced by the motion of the 
| segmentation drums. | 
The first objective was met, as far as Seld cov 


: erage | 
is concerned, by photographing the same field with 7 


wide angle view camera and computing the angle 
from the size of the image and the focal of 
the view camera lens, If the focal length of the 


' view camera is f, and the distance on the view camera 


negative between the extreme points of the segmenta- 
tion camera field is w, the segmentation camera field 
angle is 2 cot-!(2f/w), Measured in this way, the field 


42 


angle of 
a design value of 
contact s made from the 36 negatives. The set : 


the segmentation camera is compared with 
64.172°. Figure 9 shows a set of 


is trimmed and mounted in a continuous strip to 

presented in two sections to conserve the length of 
The second objective is accomplished by comparing 

pictures made when the segmentation drums are in 


cannot be taken simultaneously, Differences in at- 
therefore, occur between pictures that are to be com. 
pared. These were minimised by photographing one 


All exposures were made at a shutter speed of 1, 
eco d which was a suitable speed for the conditions 


d. ANALYats or Mosaic | 
A mosaic has been prépared from contact prints of 


the 35 mm negatives taken daring the dyrumie or 


or 4.13 inch, focal length lens. This ie shown in 
Figure. 12, It was necesary to tilt the camera 45° 


in the plane of the image in order to obtain the same 


the segmentation system. The linear distance on the 
negative corresponding to the coverage of the seg- 
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mentation system scales 545”. The half angular 
coverage is determined by: 


] 
®, 4% angular coverage, = tan"! aa 


where 1 = the linear distance on negative, and | 


_ £ = focal length of the lens. 


| 5.45” 
Therefore; 9 = tan-1 
| 2x 4.13” 

The photographs taken with the Argus camcra 
hody in the segmentation system have the standard 
double frame 35 mm format, or a picture size of 
0.945” x 142”, When used with the image orthicon, 
the usablo area is 0.96” x 1.28”. The measured half 
angular coverage of 334° can be compared with the 
design value of $2.086° which is given in Progress 
Report No. 5, Table J, p. 13. The additional coverage 

the center of the last frame to its edge, 


= $3.4° 





| 1.42” 

© = tan) —___ 1.07°, must he added to 32.086°. 

2x38” | 

This gives 2 % angular coverage of 33,156° for the 
segmentation system with the 35 mm camera format, 
The measured value of 33.4° agrees with the design 
value within 0.74%. The discrepancy is probably 
due to use of the nominal value of focal length for 
the calculation involving the 105 mm lens. A toler 
ance in foeal lengths of commercial lenses may be 
£1 to 5%, The half angular coverage of the seg. 
mentation system with the image orthicon will be 
32,086° -+4- 0.965° == 38.051°, | 

Referring again to the Mosaic in Figure 9 the odd 
phase sequences, 1-85, were taken with the right 
optical system and covers the left half of the object 
field as viewed from the camera position, The even 
numbered frames were taken hy the left optical sys 
tem and covers the right half of the object field, The 
distances to some of the prominent objects in the 
frames are given helow: 


Frame Distance in 
Sequeaca | Nautical 
Namber | Nbjert Miles 
73, 15 Walt Whitman Bridge .............. 256 
25 Tank-New York Shipbailding Corp... 2,33 
30, 36 Municipal Stedium ..........,...... 3.52 
26 Navy crene ..... sDSushsee code edecec 438 
22 Pier $3, Philadelphia Port .......... 1.86 
12 Pler 30, Philadelphie Port ....0..000 0.75 
4 Pier 38, Philadelphia Port cccccccess. «8S 
8 Lift Bridge .......cscsccscseccscse, 4.34 
i2 George Washington School ........., 140 


Examination of the contact print made for frame 
12, shows the width of « window pane image in the 


George Washington School to be 0.0075”, For the 38” 
focal length optics, this represents a subtended angle 


of , . 42 seconds. 
3 tan” = 
38” 





picture. quality, enlargements have been made - of 
Phase sequence frames 12 and 19 fer the static and 
dynamic photographs, Figure 10 A ie the static frame 
and Figure 10 B is the dynamic frame for sequence 
12, Figure 11 A and Figure 11 B are the static and 
dynamic frames, respectively, for sequence 19. Close 
shows that there 
is no deterioration in quality which may he attributed 
to the rotation of the segmentation ‘drums during 
exposure. During the course of the tests, it was 
found that thermal air currents were the predomi- 
nate causes of degraded pictures, | 


6. Recommendations for the improvement of the 
Present Model or the Design of a New Model 

The Schmidt optic: have proven satisfactory. No 
changes are recommended for these components, 
although improvements are needed in the mechanical 
mounts for the spherical mirrors and the diagonal 
inirrors, Gimbal mounts for the spherical mirrors 
would make alignment simpler. If a minimum weight 
system is desired, considerable thought must be 
given to the possibility of using eorrector plate and 


spherical mirror segments of minimum sine. It is 


probable that the difficulty of alignment of these 
scgments will out weigh any advantages gained by 


‘the use of the minimum size components. A study 


should also be made of other possible folding arrange. 
ments of the optical paths so that minimum space is 
required. A study of the mutual alignment between 
the segmentation assembly and each optical system 
auould be made co as to derice adjartine pro: oderens 
and suitable mechanical mesns for atiaining and 
maintaining such alignment, _ 7 
The optical speeificationa on the reflecting prisms 
were met hy the vendor after agreement was reached 
on a method of correction of the pyramidal error 
which was present in the first group of prisms re- 
ceived. The method of sealing the glass prisms to 
their metal hasea has proven satisfactory after the 
correct formulation and curing cycle for the cement 
were determined. Further studies should he made to 
obtain the maximum strength and reliability of the 
glass to metal bond. The measurement of the pyram- 
idal error and the hase angles of the prisms was 
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Figere 11. 





(3) 


(A) 
Comperizen of Image Datcil between Static, A, ond Dynamic, 8, Conditions from Sequence 12, Figure 9 





Figere 12. Photagraph of Segmentation Scone Token with « 4 2 $ Camera 
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mae somewhat difficult because of the very weak 
reflection 
hase plate. A good polish 
the metal plate, A chrome flash or other hard metallic 
roating will provide a good reflecting surface, It was 
found that the calor of the ahuninum coating on the 


to prevent variations in the 
quantity and quality of the light reaching the pickup 
tube, 


The drawings for the drums and priams should re 
quire that identifying numbers are Placed on each 
peiam and on the mounting faces of the segmentation 


placement of adjacent picture frames, These frames 
were taken alternately by the upper and lower sey. 
mentation drums, This indicated that the axes of 
rotation of the two were not parallel. In view 
of the fact that the high quality tapered roller bearing 


returned to the autocollimator by the metal | 
he : 


te rn different design, such as sleeve bearings lant 
in line for the upper and lower elimi. 
sate both the inatability and the lack of 


the present motor em, 
Peaks in the starting and stopping of the 

It should alo be mentioned that all gearing should 
be enclosed as « protection from dirt. A comprehen- 
sive structural analysis should he made of 9 new 
design to insure rigidity with light weight. The new 
design should make the alignment of the segmentation — 
drum assembly with respect to the optical systems 
independent of the jacks that support and level the 
complete unit, 
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B. MAGNETIC RECORDING 
1. Intredection | 

The primary objective of the magnetic recording 
studies was to evaluate the feasibility of multiplexing 
a wide-band video signal into several narrow-band 
signals, recording thees signals on several channels of 
a multichannel tape recorder, playing them beck at 
a later time, and, from these recordings, reconstruct. 
ing the original wideband video signal. Both fre 
uency-division and time-division multiplex systems 
have been studied. Much time and effort have also 


been spent on developing the techniques of magnetic _ 


recording that allow the multiplexed signals to be 
recorded on and played back from the tape. 
The principal areas of effort covered by this re 
port are: 
1. Improvement of the frequency-modulation 
modulators and demodulators. 

2, Modification of the tape transport mechanism 
to minimize tape flutter, skew, and amplitude 
variations. | 

3. Reduetion of cromtalk between tape channels 

4. Selection of tape for heat performance. 

5. Development of frequency-livision filters with 
minimum phase distortion. | 

6. Evaluation of an existing time-division multi- 
plex equipment in this application. 


' 2 Frequency Modulation Recording Channels 

During the period covered dy this supplementary 
report, many changes and improvements wore made 
in the frequency-modulation recording channels. 
Figure 13 is a block disgram of the recording system 
which resulted from the investigation. 

The input and output of the recording system are 
the multiplexing units which will be discussed later 
in the report. For this section it ie sufficient to note 
that the Input multiples unit converts the widr-hand 
video input signal into several narrow-hand signals 
and that the output multiplex unit converts several 
narrow-hanil signals into one wide-hand video output 
signal, 

As is indicated in Figure 138, the input multiplex 
unit feeds six identical channels in the tape recorder. 
Five of these channels are used for the multiplexed 
video while the sixth channel is used for synchroni- 


zation to insure that playback and recording are 


accomplished at the same speed so that a true repro- 

duction of the input may be obtained on playback. 
The narrow bandwidth recording channels were 

designed to accept video information with « passband 
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of from three cycles per second to one megacycle per 


routed te their respective FM modulators. Each 
modulator, Figure 14. consists of » 6CLS video ampli- 
fier foeding 2 6CL6 reactance tube - This 
modulator frequency modulates cecillator to 
increase its frequeney, and has the daal purpose of 
driving another 6CL6 reactance tube modulator which 
frequency modulates another cecillator to decrease 
its frequency. These oscillators (%6BQ7A each) 
have center frequencies of 20 megacycles and 21.3 
megacycles, respectively. These signals are then sent 
to a 6BA7 mixer tuhe where the difference of 13 
megacyeles is amplified and sent through & low-pass 
filter to 2 cathode follower (44-12A07). The output 
of the modulator, which includes a 


| frequency spec- 
| trum from 0.3 megeryeles to 2.3 megacycles with the 


carrier frequency at 1.3 megacyeles, is fed to a two 
stage amplifier and thenee to & power amplifier head 
driver (2-6CL6's in parallel), Figure 15. The FM 
s:gnal is then recorded on the magnetic tape. 

The signal on the tape is picked up on the play- 
lack head and fed to a cascode amplifier, Figure 16. 
The first part of the cascode amplifier (14-CK602 
tube) is located near the playback head and the 
second part (14-5670 tube) is located on the play- 
back-amplifier chassis. In addition, the playback- 
amplifier unit contains three GAHS and one 6CL6 
amplifier tubes which amplify the. signals to a level 
suitable for feeding the demodulaiors. 

The demodulator unit, Figure 17, consists of a three 
atage handpase amplifier (3-GAH6's) with symmetrical 
clipping to feed a 6C4 phase splitter. The outputs - 
of the phase splitter provide push-pull information 
for the first grids of the two 6AS6 doubly balanced 
modulator tubes. At the same time, a 6CL6 oscillator, 
Figure 18, generates an 11.25 megacycle signal which 
is amplified by a 6CL6 oscillator driver, Figure 19, 


The driver is coupled to a bifiler transformer which 


feeds a push-pull 11.25 megacycie signal to the third 
avids of the 6AS6 double balanced modulators. Al- 
though the ‘conduction angle of the third grids ts 
rinall, the 11.25 megacycle signal is not doubled in 


controlled to reduce the second harmonic content in 
the plate current of each tube to zero. In order to 
obtain « good 22.5 megacycle null, « condition neces: 


‘sary to minimize the interfcring beat signals in the 


detector output, a critical adjustment of the drive, 
d-c bias, and grid resistors are necessary. When these 
tubes are unbalanced by the 1.3 signal, 
sum and difference frequencies of the signal and tho 
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cseillator second harmonic, 21.2 megacycles and 23.8 
megacycles, appeer in the plate circuit: These plate 
signals are traneformer coupled to a germanium diode 
(IN60) where they are rectified to form the video 

The transformer and diode act as a double slope 
detector as indicated in Figure 20, The signal fed 
to the diode consists of two sidebands of oqual ampli- 
tude and symmetrically disposed around the peak 


| of the response curve of the tuned transformer, As 


the modulating frequency gets larger, both side fre- 
quencies fall farther down on the transformer re- 
sponse curve, As the modulating frequency gets 
smaller, the side frequencies climb up the transformer 
response curve. Thus, both side frequencice incresse 
‘or decrease in amplitude together so that they can 
be added to drive the diode detector. The primary 
advantage of the double-alope detector is that fre- 
quency translation from the low tape frequency to 


would be required if the usual single-slope detector 
were to be employed. : 
| The detected signal is amplified, passed through 
low-pass filter and amplifier, Figure 21, and sent 
through the output multiplex unit where the com. 
plete video signal is reconstituted from the signals 
on the five tape channels, 
It will be recalled from clementary frequency 
modulation theory that an accurate reproduction of 
the modulating waveform of an FM signal requires 
the transmission of both sidebends, For this reason 
high-quality recording of video signals should require 
s bandwidth of at least twice the highest. video fre- 
quency, and possibly more, depending on the index 
of modulation. On this basis, a tape channel of two- 
_megacycles bandwidth could support an FM signal 
derived from a one-megacycle modulating signal if 

small modulation index is used eo that only first 
order sidebands sre significant. Although the use 
of higher frequency-modulating signals in such « 
system would result in sidebands outside the pase 
band of the chanacl, such use would be desirable from 
_ the viewpoint of increasing channel capacity, In 
order to evaluate the deleterious effects of the high 
frequency cutoff of the tape recording channels on 
wideband signals, experiments were performed with 
the transmission of video by FM techniques throagh 
limited bandwidth systems, 

It has heen determined that the transmission of 


video by FM techniques through a channel of limited 


bandwidth can result in serious distortion and a 
26 —— 


| great increase in the noise level if the carrier fe 


deviated past the limite of the passband. If, however, 
the deviation of the carrier is kept within the paes- 
band, the great increase in noise does not cecur arid 
the distortion is Iimited. If, in addition, the carrier 
is placed near the upper end of the pass band, but 
low enough 0 that the deviated carrier dons not ex: 
ceed the pass band, it is found that modulating signals 
which deviate the carrier to lower frequencies are 


carrier to higher frequencies. This fact ean be used 
to advantage when the modulation signal is @ com- 
posite television video and ing signal. It 
is generally recognized that distortion of the video 
signal will cause lees deterioration of s television 
picture then a similar distortion of the synchronizing 
signal. It hae been verified experimentally that the 


through a theoretically inadequate channel can re- 
sult in rather good picture reproduction if the modu: 
lation is such as to preserve the synchronising signal 

waveform, In this way “single sideband” transmis. 
sion of FM signals is accomplished and the channel 
capacity is effectively increased. Thus, the use of 
FM for recording does not limit the video 
modulation to a bandwidth of half the tape channel 
capacity. Experimental equipments have been con- 
structed on other projects in which « video modula. — 
tion bandwidth of 5.0 megacycles has been recorded | 
by FM means on a tape channel with « bandwidth of 

5.5 megacycles, giving a bendwidth utilisation factor 

of 91 percent, an 


3. Improvements in Tape Handling 

When the development recorder was first com- 
pleted, tape tension was adjusted to four ounces, as 
this seemed to be the maximum tension that could 
be used for « satisfactory wind of the magnetic tape. 
At first, single flange reela were need on the develop- 
mental recorder; however, occasionally the tape 
would slip off over the edge of the roll. Top flanges 
of lucite were added in an attempt to prevent this. 
Lucite wes used to permit observation of the tape 
without the use of holes or spokes in the flange. The 
use of these two flange reels has been entirely satis- 
factory during several months of operation with both 


‘10 and 6.5 mil Mylar base tape. 


In comparing magnetic head performance on the 
devclopmental recorder and the loop machine, 2 
given head always. performed much better on the 


_leop machine. As an example, head 6TF;Ag+ re- 
sulted in 40 dh signal-to-noise ratio at two megacycles 


and a speed of 400 ips on the loop machine but no 
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measarable signal on the recorder at the same fre- 


quency and tape speed. The moet significant differ. 


ence in the operating conditions was the éounee 
tape tension in the zccarder and }6-cunce tension in 


the loop machine, Ie appeared that the tape tension 


in the recorder was insufficient to prevent the forms- 
tion of an air film between the magnetic head and 
tape at 400 ips. The tape tension was increased to 
the maximum of eight ounces that could be attained 
with the reel motores inatalled in the deve 
recorder. At this tape tension the two: 
head output was 10 db less on the recorder than on 
the loop machine. It was noted that tape wind was 
entirely satisfactory at eight ounces tape tension, 
although earlier this high tape tension was not satis. 
factory, This apparent contradiction is explained by 
| reals were now being used 
where formerly singlo-flange reele were used. | 

1t wae apparent that even higher tape tension would 
be required to obtain as good performance from the 
magnetic heads on the recorder as was being obtained 
on the loop machine. Larger reel motors were in- 
stalled on the recorder, and at the same time the 
capelan speed was changed to increase the tape speed 
~ from 400 to 500 ips. The tape speed was increased to 
accommodate the increase in the top frequency in the 
FM spectrum from the FM modulators resulting from 
recent changes in the multiplexing system. With the 
larger reel motors a tape tension of sixteen ounces is 
obtainable and the head performance is as good on 
the developmental recorder as on the loop machine, 

At the time when the developmental recorder was 


adjusted for eight ounces tape tension, tape skew 


measurements were made hy recording a two-mega. 
cycle signal on each of the six tracks, and then during 
playback various combinations of pairs of tracks 
were added together and viewed on an oscilloscope. 
Tape skew would result in relative time displacement 
of the signals from two tracks and appear as a heavily 
am plitude-modulated signal.. it was estimated that 
the relative time displacement resulting from skew 
was about one microsecond, This means that multi- 
_ Plex information from the various tracks would not 
add up properly. The time periods of this amplitude 
_ modulation indicated that wobble of the top flange 
of the tape reel was introducing the tape skew. It 
appeared that very precise tape recls would he re- 
quired to minimize this source of tape skew. Before 
attempts were made to construct very precise reels 
the tape tension was first incecascd to sixteen ounces, 
‘and then it was found that the time period of these 
amplitude variations matched that of the rotary 
stabilizer end not the tape reels. 


The original mechanical design of the 7 

recorder included an air-bearing cam ulee 
the tape path. The span of tape between this stabiliser 
and the capstan wee about S inches, and the point of 
magnetic head contact was about the middle of this 
opan, This type of stablizer had been found 10 he 
quite meful for reducing flutter on some previous 
wide-band magnetictape equipment. Although meas- 
urements of eccentricity and wobble of the stabiliser 


there could be no doubt that the problem was serious 


since it did not permit the multiplexed information — 
in the several tracks scross the width of the tape 
to be added up properly. a 

It was decided to replace the rotary stabiliser with 
a nomrotating air tape guide. This is the same 


| siae and in the same position as the rotary stabiliser; | 


it is, in fact, very similar to the stabiliser pulley 
except that it does not rotate and the tape contacting 
areu has grooves which are supplied with air under 
moderate pressures of sround two to five pei. It was 
then found that tape skew was very low’ provided 
that the distance between the flanges of the edge 
guides was no more than about one mil mere than 
the width of the tape. A number of samples of tape — 
were checked for tape width throughout their length. | 
Table 1 shows the results of measurements at scveral 
points along the entire length of two 3500 foot rolls. 
of magnetic tape. ) a 





Table § 

Results of measurements of tape widths 

Sample No, 1 Sample No. 2 
0.4976 inch 0.4967 inch 
0.4974 0.4967 

0.4971 0.4963 
0.4974 . 0.4962 
0.4974 0.4965 
0.4971 0.4969 
0.4973 04968 
0.4976 
04972 


a . 

The experience of other groups within RCA indi- 
cates that O.Sinch wide tape could be obtained in 
Jarze quantities with a definite width maintained 
within 2 or possibly 1 mil throughout any roll and 
from roll to roll over @ period of years. | 

Using tape sample No. 1 with the tape guide set 
for 0.4580 inch it was found that the signals from 
any two tracks would always add in phase. It was 
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estimated that the maximum time displacement error 
between tracks was about 0.02 microsecond. This is 


more than adequate to meet the time delay error 


requirements of a high quality video system. 
This is very significant information relating to 
multiplexing wide band video on: several parallel 


magnetic tracks, This freedom from excessive tape 


tkew is one of the important factors which makes a 
multiplex magnetic video recorder feasible. 
4. Reduction in Head Circuit Crosstalk 


_ The manner in which the six-channel head circuits 
hed originally been wired and cabled resulted in 


excessive interchannel crosstalk, about 20 db. An 


inepection of the layout suggested that the crosstalk 
resulted from inductive, capacitive and ground loop 
_ coupling im the head cabling. The magnetic head 
itself had been measured to have a crosstalk factor 
of around 45 db. When the FM recording system was 
first being considered it was assumed that the capture 
effect in FM detection would make crosstalk between 
‘tape iracks unimportant. Measurements indicated 
that 20 db of crosstalk of the FM signal betwoon 
channels resulted in an interference signal about 
20 db below the desired signal after FM detection. An 
analysis of this situation i::dicates that this should 
he the case and there is no reason to expect any 
capture effect. If the channel 1 carrier frequency is 
1.30 megacycles and there ia 20 dh crosstalk of the 
1.3] megacycle carrier channel in 2, the'l3.1 megacycle 
crosstalk signal will act as an FM sideband with 
respect to the channel 1 carrier, After limiting and 
FM detection the crosstalk will appear as a 10-kilo- 
cycle signal on the output of the sysiem, This was 
the case in actual practice and pronounced bar pat- 
lerns were obeerved when all six channels were 
recorded simultaneously with either the same or 
different video signals on each channel, | 

The wirtne and cabling af the head cirenite, inelwd- 
ing the pre-amplifier unit mounted close to the head, 
were changed to minimize all forms of coupling. The 


crosstalk was then about 40 db and all six tape chan- 


nels could be used without any interference between 
channels. | : 


5. Magnetic Tape Evaluation | 

During the several months covered by this report 
practically continuous evaluation tests were con- 
ducted on Reeves-Sounderaft and Minnesota Mining 
inagnctic tapes. During the early part of the period 
only Reeves tapes could be weed at all, as has been 
the case for about two years. Although Minnesota 
Mining tapes have been consistently hetter with re 
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spect to amplitude varistions, they were completely 
unsatisfactory with respect to head rub-off at tape 
speeds around 500 ips. Toward the end of the period 
Minnesota began supplying tapes which could 
be used at 500 ips. Two 3500-foot samples were 
evaluated and found to have not even one complete 
dro}-out. However, when these two lengths were 
spliced together a number of ts were en- 
countered in the region of the splice. Visual inspec- 
tion revealed surfece blemishes which could result 
in drop-outs. Approximately 100 feet containing thesc 
hiemishes were removed and the remaining tape 
spliced togcther. The resulting 6900-foot length ‘of 
tape with one splice did not have any drop-outs 
sufficient to produce a visible defect using the FM 
recording system. After this tape had been used for 
approximately 100 passce a few drop-outs became 
apparent. Visual inspection of the tape revealed 
small bits of tape coating material on the base side of 
the tape which deformed the magnetic coating 
enough to produce a drop-out. This is a result of 
the fairly soft coating that Minnesota Mining uses, 
even on their video recording tapes. In contrast the 
Reeves-Soundcraft tape that was developed for high 
speed applications doce not exhibit this effect at all 
and appears to have a useful life of tens of thousands 
of passes, Unfortunately no Reeves tape that we have 
tested has equaled the freedom from drop-outs and 
amplitude variations that is characteristic of nearly 
every sample of Minncsota Mining instrumentation 
or video tape that has been tested. 
6. Multiplexing Systems 
a. Frequency MUuLtipcexinc . 
At the beginning of the project it was proposed 
that « frequency-division multiplexing syatem be used 
to put wideband video information on a plurality of 
tape channels. It was further proposed that con- 
ventional bandpass filters be employed for this use. 
since the resulting phase distortion could be correcied 
by reverse playback. When the point in the develop- 
ment was reached where the information in ono 
frequency-division band was added to the adjacent 


band an inherent limitation of the reverse playback 


scheme. became apparent. The information in the 
two bands did not edd up properly but there was no 
etraightforward way of determining why. In a reverse 
playback system no part of the system can be evalu- 
ated for the manner in which it will perform in the 
overall system. unless the whole system is working. 
Any test that is made must invoke reverse playback 
and little can be done to circumvent this limitation. 
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Because of this time consuming difficulty the use of 
reverses playback for phase correction was abandoned. 

An effort was made to develop a ect of bandpess 
filters that coud be used in a frequency-divisicon 
system: without dependence upon reverse playback as 
mentioned above. Although this goal has often been 
considered unattainable, it was hoped that some 
recent developments might: offer new possibility. In 
the course of consulting with filter experts within 
RCA it was brought ont that ‘a system of deriving 


a scries of related bandpass filters from one multiple — 


tapped delay line is ideally suited for this application. 
Such a system of filters derived from a widehand 
, coustant-phase-shift delay line inherently has ideal 
crossover characteristics and, if made correctly, rather 
complete freedom from phase distortion, A filter of 
this type suitable for this application was designed 
and constructed. Unfortunately the basic delay line 
was inadequate and there was insufficient time to 
construct another delay line. It is our belief that this 
approach is feasible and is perhaps the only system 
now known which will ‘provide frequency-division 
multiplexing without reliance on reverse playhack, 


bh Tia MULTiPLzxine 


A time-division multiplexing system that was avail- 
able from another RCA activity was integrated into 


the six-channel tape system for an evaluation in this 


application. A color TV broadcast signal was ro-. 
corded by this system and the reproduction of the 
secording, while not of commercial quality, was 
good cnough to prove that the color information 
could be reproducod. It was determined that the 
picture quality was being limited ly mechanical 
vibration in the development recorder. Tho capstan 
is known to rotate at a very constant speed. However, 
the magnetic head is mounted on the top panel of 
the recorder and those vibrational components of 
the panel whieh sre rotary and rentered an the 
capstan axis result direetly in spparent tape-speed 
variations. Such variations could he detected in the 
Capatan servo. These spoed variations resulted in time 
Jitter heyond the accommodation of the thne-division 
system and were not overcome in our experiments, 
The mechanical vibration arises when high tape 
speeds, of around 400 or 500 inches per secon, are 
used, A previous recorder built on the same general 
pattern for another RCA activity, but operating at 
100 inches per second, did not exhibit this limitation 
as a result of mechanical vibration. By the time this 
difficulty was noted there was insufficient time to 
make necessary corrections and a completely satis. 
factory recording was not attained. 


c« Orpen Muurrecaxinc Consinzzarions 
The television magnetiorecording system which 
has heen considered under this contract employs 


what might be called optical time division multiplex 


to permit one camera to look at 36 different side by 
side images of the ground. Under the proposed 


| Specifications this resulted in a camera video signal 


of eight megacycles. Electrical multiplexing was 
proposed for narrowing the bandwidth so that these 
signals could be recorded on and played lack from 
tape. Thus, optical multiplexing was used to increase 
the information rate on an electrical channel to the 
extent that electrica) multiplexing was required to 
netrow the bandwidth to put the information into 
useable tape recorder form. 

The complex signal processing system mentioned 
shove resulted from the proposed use of only one 
TV camera. This proposal was made because of the 
size, weight, and performance of television cameras 
existing at the time of the initiation of the contract, 
Before the magnitude of the difficulties of recording 
multiplexed video was realized, it wae believed that 
the use of multiplexing was in fact the best way to 
proceed, Two occurrences have altered our thinking. 
The first is that high-quality miniature television 
cameras are now available using vidicons and tran: 
sistore, which give performance of the degree required 
for reconnaissance work and which are 80 amal], light 
in weight, and economical of power consumption that 
several could be used in the place of one image 
orithicon camera. The second is our nogative result 
with regard to the use of time or frequency-diviaion 
multiplex for cight. megacycle video recordings. 

Another approach to the problem which should he 
fiven careful consideration when further television 
reconnaiseanes work is to be undertaken is the use 
of optical multiplexing only to the extent that the 
Output of one camera may he recorded on magnetic 
tape with its fuli bandwidth. If, for example, 36 
cameras were used, each to look at just one image, 
and 36 tracks were used on the tape, the recorded 
signal on each channel could be one thirty-cixth of 8 


a signal coukd be handled with litle difficulty, One 
necd not go to this extreme, however, to realize an 
advantage. If, for. insrance, six cameras were used, 
each optically multiplexed to look at six images; anil 
the output of each recorded on one of six tracks, the - 


recorded bandwidth would be roughly 1.3 megacycles 


on each channel. A capability for this type recording 
has been shown hy the studies reported here. 


A more detaile:! discussion of this parallel channel 
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system is given on pages 3-22 through 3-26 of the 
Advanced Reconnaissance System, Final Engincering 
Report, June 30, 1956 (Contract AF33 (616) 3104). 
In this reference a simplified parallel channel system 
using four vidisons illustrates the basic concept of 
this approach. Detailed information ie given on 
weight and power requirements of such a system. 
It should be noted that regardless of the system 
of recording chosen, techniques are available for ax 
sembling the information into one electrical channel 
for transmission to the ground. These techniques 
were not considered aa a part of this section of the 


study. 
7. Conclusions 


Our investigation of recording wideband video 
information on magnetic tape has resulted in the 
levelopment of many improved techniques for 
magnetic recording which are important for many 
applications of magnetic recording. Ie has been 
demonstrated that tape transport mechanisms can 
be built in which tape can be run at 500 inches per 


second with the capstan speed controlled to an | 


accuracy of one part in 250,000 when the capstan epeed 
is compared with a crystal oscillator. Magnetic heads 
have been constructed which will permit the record: 
ing and playback of information at frequencies in 
cxccse of 2.5 megacycles at a signal-to-noise ratio of 
40dh with the above mentioned’ tape mechanism. 
Multitrack heads with six channels on one-half inch 
tape have exhibited better than 45dh ad jacent 
channel crosstalk. Frequency modulation has been 
used for recording information on tape to provide 
a video bandwidth of 25 kilocycles per inch per 
second tape speed. It is estimated that the Jife of 
magnetic heads in this application is about 1,000 


hours and that a given length of tape will he useable 


‘for at least 10,000 and possibly 100,000 passes over 


the head with no loss in pieture quality, provided a 
tape lubricant is employed. 

Back-to-back multiplexing, ic. oncoders feoding 
decoders directly without using the taye channels, 
has been made to work successfully for the time-divi- 
sion system, and for the frequency-division system to 
a lesser extent. In both cases, the introduction of the 
tape channels hae brought on added difficulties which 
were nol overcome in our oxperimontal work. It {a 
believed, however, that further work could result in 
a successful system using either type of multiplexing. 
The difficulties are such, however, as to make this 
general method of recording video information rather 
unattractive at the present time. Our conclusions in 
this regard are strengthened by the recent success of 
the rotating-head-wheel system for video magnetic 
recording in which heads scan transversely across the 
tape. This type of equipment resulted in a successful 


_ demonstration of the recording of monochrome tele. 


vision pictures in the spring of 1956 by the Ampex 
Corporation and of color television pictures in the 
fall of 1957 by Commercial Electronic Products, RCA. 
The high quality of these recordings when compared 
with the results of our multiplexed recordings, indi- 

cates that further development should proceed along 
the line of traneverse recording, The use of a rotating 
head wheel is considered to be a scrious disadvant- 
age, however. It is hoped that developments in the 
near future will result in a transverse scanning head 
using no moving parts. The development of such a 
device would most certainly pave the way for the use 


of transversely scanned recording for television-re- 


connaissance applications. 


“~ 
+ 
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C. KINESCOPE RECORDING 


1. Intreduetion 


In the report for August 1, 1956, it was noted that 
the first sample of the new triode-gun magnetio-focus 
kinescope was not significantly better than our best 
pentode electrostatic tubes as to resolution. — 

A second sample kinescope of the triode-gun 
magnetic-focus type was tested by Dr, 0. H. Schade, 
who found it not up to his expectations. This tube 
was given a similar series of tests in RCA-Camden— 
pertinent. data is shown later in the report. 

Concluding the evaluation program, two develop- 
ment tubes were studied and the test data compared 
_ with that of the tube referred to in the preceding 
paragraph, The percent kinescope response was not 
as favorable as that of the reference tube. 

As a result of theese tests it is bclicved that light 
scattering and “image spread” in the phosphor, of « 
five-ineh tube, aro limiting the rendition of fine 
detail (500 to 600 TV lincs) as much as is the dig. 


tribution in the beain spot iteclf, Rather good pre- 


vious evidence indicates that the improved P16 
phosphor was considerably better in this respect than 
the Pl] (which is widely used for kinescope photog. 
graphy). However, it now appears that a ten-inch P16 
tube may he required to get a 560 TV-line response 
of sround 75 percent or better, as measured on the 
phosphor, Fortunately, the special Eastman U.V. lens 


will work about equally well at this image-to-ob ject 
ratio, 


Another encouraging possibility ia the development 
of a radically-new transparent and thin phosplor hy 
the RCA Tube Department. It is expected that this 
may produce satisfactory results in even the five 


inch tube. 


2. Outline of Procedure Used to Evaluate Kinescopes _ 


For evaluation of these experimental triode-gun 
magnetic-focus kinescopes, a monochrome recording 
chain was revised. A large diameter precianion de 
flection yoke was put into operation with sufficient 
power for full image deflection. A precision focus 
coil was ulso installed giving what wae considered to 
he the beat magnetic focus that could be devised for 
triode-gun_ kinescopes, ; 


The 3 tubes under test were as follows: 

1. Kinescope PP 18543 Long-Triode 5-inch, 
P16 phosphor—this tube had been previously 
evaluated by Dr. O. H. Schade and used in 
this report as a reference tube. | 

2. Kinescope PP 1507-1 Long-Triode 5-inch, P16 
Phosphor. | - 

5. Kinescope PP 1508-1 Short-Triode S-inch, P16 

phosphor. 


The monochrome recording unit was equipped with 
photographic camera having a 30-inch bellows and 
a Kodak Kincscope Ektar lens 4:5-1, 75 mm, [/2.8 
ultraviolet, mounted in reverse to peruit « mag- 
nification of about 10.7:1 from kinescope to film. For 
all data taken, the lens was sct at £/4, Exposures 
were for five scconde. 


A sinc-wave signal gencrator was used and fre 
quencies of 6, 2, 4, 5% and 7 mecgacycles were ex- 
posed on Ansco Trisopan film, from the kinescopes 
adjusted as follows: 

1. For each kinescope, the grid hias was found 
which would give a density on film of approxi- 
mately 1.6. This bias was rceorded as hi-lite 
Jevel for that particular tube. 

2. Similarly, for coach tube, the bias was adjusted 
to give a dim scanning line image on film 
(within the density range of about 0.2 to 0.6). 
This bias was recorded as hi-lite level for 
that particular tube. 

3. Blanking hiss was also recorded. 

4. For each tube, the d-c bias and the amplitude 
of the sinusoidal test signal at 0.6 megacycle 
(representing relatively coarse picture detail) 
were adjusted so that the signal excursions 
corresponded to the hi-lite and lo-lite bias 
valnes. A film exposure was then made with 
this 0.6-megacyele signal. : 

5. The frequency was then changed successively 
to 2, 4, 5.5 and 7 megacycles, and exposures 
made, keeping the signal excursions on the 
arid at the same values as for 0.6 megacycle, 
An attempt was aleo made to keep the d-c 
hias component constant. Although this was 
not fully achicved, it is believed that the d-e 
hias shifts which occurred did not alter the 
results appreciably since the kinescopes have 
a reasonably constant “gamma” over the 
range tsed, | 
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Figure 22. Kinescope Response Curves fer Three Types of Kinescopes 
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Kinescope No, PP 13843 

(Reference Kinescope) 

Frequency of Sine Waves : 0.6 me 
Lo-Lites (Film Density) Sree er Onesncccces | BB 
Hi-Lites (Film Density) 0.0.0... ..ccsceesesssceeces. 1.66 


Log E Hi-Lites (from film Sensitometrie Curve, Figure 23) 2,36 
Log E Lo-Lites (from film Sensitometric Curve, Figure 23) 1.45 


Log E Difference [Log E Hi-Lite-Log E Lo-Lite} ...... “ 91 
Exposure Ratio (Antilog of Log E Difference) .......... 5 | 
Percent Kineseope Response (derived from exposure ratio = 

taking ratio at 0.6 me as ee 100 
Kinescope No. PP 1507.] 
(Long Gun) | 
Frequency of Sine Paves | 0.6 me 
Lo-Lites (Film Density) .................... jueeeaeeas 63 
Hi-Lites (Film Density) ..000.....0....cceescceees... 1.79 


Log E Hi-Lites (from film Sensitometric Curve, Figure 23) 245 
Log E Lo-Lites (from film Sensitometric Curve, Figure 28) 18 


Log E Difference |Log E Hi-Lite-Log E Lo-Lite] ......., 5 
Exposure Ratio (Antilog of Log E Difference) ......... ; 4.46 
Percent Kinescope Response (derived from exposure ratio 

taking ratio at 0.6 sic cz ||) ne (etusureuds 109A 


Kincscope No. PP 1508.) 
| (Short Gun) 
| Frequency of Sine Waves 0.6 me 
Lo-Lites (Film Density) ............cicccceec ere 16 
Hi-Lites (Film Density) ........ sis sSiee de AGisanbeeeces 1.65 
Log E Hi-Lites (from film Senaitometric Curve, Figure 28). 2.35 
Log E Lo-Lites (from film Sensitometrie Curve, Figure 23) 1,35 
Log E Difference |Log E Hi-Lite~Log E Lo-Lite] ........ 1.00 
Exposure Ratio (Antilog af Log F Difference) ........_. 10.0 
Percent Kinescope Resj.onse (derived from exposure ratio 
taking ratio at 0.6 me as 100%) .........0.0005....,. 100 


* Converted to 15 becnuse of signal fall-off at this frequency. 
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Taubes 1854-8 and 1507-1 each had the same anode 
structure (4inch long tube, and 18-inch limiting 
aperture), and all tubes had support rods of “multi- 
form” glass. Tube 1854-8 had a G2 ring (primarily a 
corona device), which the later two did not have, and 
its Gl was a stamped unit with special aperture-edge 
beveling and plating treatment. Tube 1507-1 had a 
precision-machined Gl, of slightly smaller xperture. 
Tube 1508-) had a thinly coined and drilled G1 strue- 
ture, with the same aperture diameter as 1507-1, but 
its anode was 2 inches long with a somewhat smaller 
limiting aperture than the other two. 

Some measurements of respouse were also made in 
the picture corners, but these turned out to be more 
an evaluation of the focus modulator (dynamic focus) 
device than of tube and deflection performance in 
the corners, The dynamic focus waa not fully ade- 
quate, but its performance can be made satiafactory. 
When the main focus contro] was reset for optimum 
in a given extreme corner, the S60 TV-line response 
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center, 


It should be noted thet, in May 1957, = develep- 


- ment project started in the RCA Tube Department 


which is expected to result in a significant improve- 
ment in resolution and fine-detail contrast for the 
type of kinescopes considered for this application. It 
is expected that there should be very little decrease 
in response around 200 TV-lines and, even on a 5-inch 
tube, the 560 TV-line response in the central area of 
the phosphor should he significantly better than that 
shown in the accompanying data. 


The major change in kinescopes is the probable 
use of a transparent phosphor, instead of 2 “trane- 
lucent” one. This should greatly reduce the image 
deteriorations due to light scattering in the present 
comparatively-thick granular structure, and the flare 
and halo caused by ambient light and perrortions tram 
the front of the face a | 
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